Abstract Brassica juncea is an important oilseed crop and drought stress is major abiotic stress that limits its growth and productivity. RH0116 (drought tolerant) and RH8812 (drought sensitive) genotypes were undertaken to study some of the physiological parameters and hsp gene expression related to stress tolerance under drought stress conditions. Differential response in terms of seed germination, electrolyte leakage, RWC, osmotic potential was observed in the selected genotypes. In vitro seed germination studies using PEG stress treatments indicated reduced seed germination with increasing levels of stress treatment. Electrolyte leakage increased, whereas, relative water content and osmotic potential decreased in stressed seedlings. Expression of hsp gene was found to be upregulated during drought stress as the transcripts were present only in the stressed plants and disappeared upon rehydration. The drought tolerant variety showed higher transcript accumulation as compared to the sensitive variety. The study showed that drought induced changes in gene expression in two contrasting genotypes were consistent with the physiological response.
Introduction
Brassica juncea (Indian mustard), a member of Cruciferae family, is one of the major oilseed crops of India. It is an amphidiploid (2n=36; AABB) of Brassica nigra (2n=16 BB) and Brassica rapa (2n=20 AA). In India, it occupies second largest position after groundnut with 6 million hectares of area under cultivation producing 5-6 million tones of seed annually, securing fourth position in world after European Union (34 %), China (23 %) and Canada (19 %). The global production of Indian mustard and its oil is around 38-42 and 12-14 MT, respectively. India contributes 28.3 and 19.8 % in world acreage and production (Shekhawat et al. 2012) .
Abiotic stresses, such as drought, temperature extremes and salinity, are the major constraints on crop yield and quality in fields (Soda et al. 2015) . Plant response to abiotic stress is dynamic and complex (Skirycz and Inze 2010; Cramer 2010) , which is both elastic (reversible) and plastic (irreversible). The impact of climate change on agricultural crops is multidimensional and its magnitude may vary with the growth patterns and species (Chattopadhyay et al. 2011) . Drought stress affects the growth and development of plant at all stages making it as one of the severe constraints for crop productivity particularly in arid and semi-arid areas of the world. The transcriptional responses to abiotic stress vary at cellular or tissue level in roots (Dinneny et al. 2008 ) and depend on duration of stress as well (Tattersall et al. 2007; Pinheiro and Chaves 2011) .
Drought-induced crop losses have a significant economic impact and are predicted to increase with global climate change (Roychoudhury et al. 2013) . As most of the abiotic stresses result in desiccation of the cell and osmotic imbalance, there is an overlap in the expression pattern of stress genes after cold, drought, high temperature, high salt and ABA treatment (Mahajan and Tuteja 2005) . This suggests that various stress signals and ABA share common elements in their signaling pathways which cross talk with each other, to maintain cellular homeostasis.
The productivity of this crop is greatly influenced by abiotic stresses such as drought, salinity, frost and heat. Water stress causes heavy yield losses in Indian mustard and seed germination as well as seed development (flowering to pod formation) stage is understood more prone to drought and high temperature. So far, efforts have been done to improve economic traits such as yield, oil content and disease resistance and a few studies are undertaken on effect of abiotic stress in Indian mustard. Improving Indian mustard cultivars for drought tolerance is one of the major priorities for plant breeders in present times considering the challenges of climate change. Gene expression studies are prerequisite for identifying the genes which have role in stress tolerance. Brassica juncea cv. RH8812 is drought sensitive while RH0116 is drought tolerant genotype (Sharma et al. 2012) , developed by CCS Haryana Agricultural University, Hisar. RH0116 is also tolerant to heat stress (Sharma and Sardana 2013) . RH8812 was released in the year 1996, its average yield is 22q/ha, it gets matured at 142 days and possesses thick siliquae (www.hau.ernet.in). A comparative study of these genotypes provide an excellent source for understanding drought tolerance mechanism and isolation of stress induced genes which have key role in abiotic stress tolerance.
Heat shock proteins (HSP) are a group of proteins induced by heat shock which act as molecular chaperones in cells exposed to stressful stimuli (Stephanou and Latchman 2011) and play important role in protecting plants against environmental stresses including drought (Sato and Yokoya 2008) . Most HSPs are constitutively expressed and perform essential function as molecular chaperones, facilitating the synthesis and folding of proteins throughout the cell. HSPs protect mainly lipid membranes, lipids, proteins, cytoskeletal components and nucleic acids in cells (Tkacova and Angelovicova 2012) . In addition, HSPs have been shown to participate in protein assembly, secretion, trafficking, degradation and regulation of transcription factors and protein kinases (Stephanou and Latchman 2011) . Park et al. (2007) classified HSPs into several classes based on their molecular weight, such as HSP90 (85-90 kDa), HSP70 (68-73 kDa), HSP60, HSP47 and small HSPs (12-43 kDa). The HSP70 family is necessary for protein synthesis, translocation, and folding. HSP60 family is important in stability of the protein. Many factors such as organic toxic substances and heavy metals, elevated temperature in cells responsive to the formation of proteins known as stress proteins. They are associated with the mitochondrial matrix and help in saving, production and transport of proteins into mitochondria (Richter-Landsberg and Goldbaum 2003) . Protein family HSP90 is important in the formation of steroid receptor complexes (Pratt 1997 ).
The expression of HSPs has been investigated in a number of different plants and positive correlation is reported between high temperature and this protein. HSP101 is upregulated several fold under heat stress in Indian mustard but not under drought stress (Bhardwaj et al. 2015) . The plant Small HSPs are divided into five nuclear encoded gene families and class I and II sHSPs are developmentally regulated which suggest their distinct function in seed development (Wehmeyer and Vierling 2000) . In the present investigation, we have studied HSP17.4 induction under drought stress conditions in two contrasting Indian mustard genotypes for drought tolerance. HSP17.4 is a member of the class I small heat-shock protein (sHSP) family, encoded by At3g46230 in Arabidopsis and accounts for the majority of sHSPs in maturing seeds . To gain additional insight as to the function of sHSPs in drought tolerance, we have examined sHSP gene transcript levels in a drought sensitive and drought tolerant genotype of Indian mustard.
The development of PCR to detect rare transcripts has revolutionized gene identification and sensitivity of gene expression analysis. PCR based gene expression strategies like semi-quantitative RT-PCR offers a rapid, versatile and sensitive way for studying gene expression under stress. The RT-PCR method can be used not only to detect specific mRNAs but also estimates their levels in different samples. It requires gene specific primers for various genes based on known DNA sequences of identified genes in other model plant species such as Arabidopsis and rice for differential gene expression (Chen et al. 2005 ). Hence, certain key genes involved in drought tolerance can be identified and further used in improving Indian mustard cultivars as characterization and over-expression of such genes can ultimately lead to enhanced productivity under drought stress conditions.
Our results were also analyzed in the light of certain physiological parameters such as seed germination studies, relative water content, osmotic potential and electrolyte leakage. Polyethylene glycol (PEG) can be used to induce drought stress condition as it causes osmotic stress (Ashraf et al. 1996; Turhan 1997) . PEG-6000 is usually used to create the osmotic stress by most of the researchers (Hu and Jones 2004) for the development of water deficit environment in growth chamber studies. RWC represents a useful indicator of the state of water balance of a plant, essentially because it expresses the absolute amount of water, which the plant requires to reach artificial full saturation. Despite its simplicity, this technique needs to be adjusted for each plant material (Arjenaki et al. 2012) . The electrolyte leakage data is an indicator of cell membrane stability and the cell membrane gets damaged during abiotic stress, the oxidative damage to lipids disrupts the membrane structural integrity, which in turn causes electrolyte leakage (Du et al. 2009 ).
Materials and methods

Plant material and drought stress treatments
Plants (RH0116 and RH8812) were grown in pots in nethouse. In each pot, equal quantity of sand and water was added to make them ready for sowing. Seeds started to germinate after 4-5 days. Plants were regularly watered with equal amounts of water (so as to keep the water level equal) and Hoagland Solution (50 ml each) to supply them adequate amounts of nutrients for growth. At the flowering stage, half of the plants of each genotype were separated as controls (in which watering was maintained) and to the other half of the plants, watering was withheld to create drought stress condition. The day wilting appeared in stressed plants, sampling of shoot and root tissue was done in control and stressed plants and samples were stored at −80°C for RNA isolation. Samples (of control and stressed plants) were also taken for physiological parameters analysis such as osmotic potential, relative water content and electrolyte leakage.
After the sampling was done, the drought stressed plants were rehydrated by providing them equal amounts of water. The day wilting disappeared and the rehydrated plants appeared normal, samples were again taken for analysis.
In vitro seed germination under drought stress
The seeds of selected Indian mustard genotypes were germinated in vitro in MS medium (Murashige and Skoog 1962) . The media was supplemented with PEG 6000 (4 %, 6 %, 8 % w/v) for various levels of stress treatments & physiological attributes such as seed germination, shoot and root length were recorded after 2 weeks. The medium was sterilized by autoclaving and was poured in glass petriplates. Medium was cut and removed from half of the plate so that seeds can be inoculated at the margin to clearly visualize the roots.
Physiological studies
The Brassica plants (stressed, control and rehydrated) grown in nethouse were used to analyse the following physiological parameters:
Relative water content RWC was estimated by the standarad method (Yamasaki and Dillenburg 1999) . For estimating RWC, two fully expanded leaves (in vivo grown plants) of each variety (RH0116 and RH8812) were cut into small pieces and weighed to record the fresh weight. Then the leaf samples were hydrated to full turgidity by floating on de-ionized water in a closed petridish for 4 h. After this, the samples were taken out of water and any surface moisture was removed quickly and lightly with filter paper and immediately weighed to obtain full turgid weight. Then the samples were dried in an oven at 70°C for 24 h and weighed to determine the dry weight of the sample. The observations were recorded in triplicates and RWC was calculated by the following formula:
Osmotic Potential of leaf was determined by using Vapour pressure osmometer (Wescor INC., USA). The leaves were excised from the stressed, control and rehydrated plants and were sealed in syringes individually and quickly frozen at −20°C. Before measuring the osmotic potential the samples were thawed for 60 min at 25°C. The sap was then taken out from the syringe. Then a filter paper disc was dipped in the sap and immediately placed in the chamber of vapour pressure osmometer and chamber was sealed. After about 2 min., the osmotic potential readings were displayed on the digital meter automatically, which were recorded. The osmometer was calibrated by using standard solutions of NaCl (0.1 mM to 1 M).
Electrolyte leakage
The relative intactness of plasma memberane was measured as the leakage percentage of electrolytes, as described by Gong et al. (1998) . Fresh leaves were cut into pieces and placed in test tubes. The test tubes were then incubated in a water bath at 52°C for 1 h and then 10 ml of deionised water was added to it and kept overnight. Next day, the initial electrical conductivity of the medium EC1 was measured. The samples were autoclaved for 20 min. to release all the electrolytes, cooled and then, final electrical conductivity EC2 was measured. The leakage percentage of electrolytes was calculated as (1-EC1/ EC2) X 100.
RNA isolation
RNA was isolated using Trizol method (Chomczynski 1993) . The plant samples (shoot and root tissues) were crushed in liquid nitrogen in DEPC treated and autoclaved pestle and mortar. Trizol reagent (650 μl) was added to 0.7-0.8 g of ground tissue. It was vortexed vigorously and solution was incubated on ice for 10 min. Chloroform (200 μl) was added to sample solution, vortexed vigorously and incubated for 5 min on ice. The samples were centrifuged at 12,000 rpm for 15 min at 4°C and the supernatant was taken out carefully in a fresh eppendorff tube without disturbing the lower Fresh weight−Dry weight Turgid weight−Dry weight organic phase. To the supernatant, equal volume of isopropanol was added and the samples were incubated on ice for 10 min. The samples were centrifuged at 12,000 rpm for 10 min at 4°C and the supernatant was discarded. The pellet was washed with 500 μl of 70 % ethanol and centrifuged at 11,000 rpm for 3 min. The pellet was dried at room temperature in laminar air flow. RNA pellet obtained was resuspended in 20 μl of DEPC treated water and stored at −80°C for future use.
Estimation of RNA
The RNA was quantified using Biophotometer (Eppendorf).
One μl of RNA sample was added to 49 μl of DEPC treated water and absorbance was recorded at 260 nm. Blank was set using 50 μl of DEPC treated water. One O.D. unit corresponds to 40 μg of RNA/μl. Absorbance at 280 nm and 260 nm was also recorded to check the purity of RNA and the ratio of absorbance at 260/280 was calculated. The absorbance ratio in the range of 1.6-1.8 represented good quality RNA which was then used in RT-PCR for studying gene expression.
Semi-quantitative RT-PCR
The semi-quantitative RT-PCR was conducted using RNA samples isolated from shoot and root tissues of control, stressed and rehydrated plants. The total RNA was used in cDNA synthesis by reverse transcription. RT-PCR conditions were optimized by altering concentrations of oligo dT primer (0.1-0.5 μg), total RNA (2-7 μg), dNTPs mix (1-4 mM), reverse transcriptase enzyme (100-200 units) and RNase inhibitor (20-50 U).
PCR amplification of gene specific transcripts using specific primers
The primers of BjActin forward (5′TGGCATCACACTTTCT ACAA3′) and reverse (5′CAACGGAATCTCTCAGCTCC3′) and hsp forward (5′ CGTGGCAGCGTTCACAAA3′) and reverse (5′CGTCCGCCTTGAACACATG 3′) were used for PCR analysis. The primers for sHSP gene were synthesized by using sequences from Arabidopsis (Zhang et al. 2008) . PCR was performed to amplify the specific gene from cDNA in a 20 μl reaction volume containing 10X PCR buffer (containing 2.5 mM MgCl 2 ), 200 μM of dNTPs, 0.6 μM of primers (forward and reverse), 1U Taq DNA Polymerase and template (cDNA; 20 ng). The optimized conditions were used in the gene expression experiments. PCR cycling conditions consisted of an initial denaturation at 94°C for 2 min; 36 cycles of 92°C for 1 min; 54.3°C for actin, 56.4°C for hsp for 1 min and 72°C for 1 min; and a final extension at 72°C for 10 min.
Results
Seed germination under PEG induced drought stress PEG 6000 was used at various concentrations (4 %, 6 %, 8 % w/v) and it was observed that seed germination was arrested at the initial stage only and reduction in seed germination was significant among treatments. The tolerant variety RH0116 showed 76.66, 66.66, 63.33 and 53.33 % seed germination, whereas the sensitive variety RH8812 showed 50.00, 38.66, 33.33 and 10.00 % seed germination in control, 4, 6 and 8 % PEG drought treatments respectively. Hence, the per cent seed germination in B. juncea under PEG induced drought stress treatment decreased with the increasing dose of the PEG treatment and the decrease was higher in the sensitive variety as compared to the tolerant one. The average shoot and root lengths of the in vitro grown seedlings after PEG 6000 treatment was found to decrease with the dose of PEG in both the genotypes and the root/ shoot ratio decreased in the stressed seedling as compared to the control. However, as the dose of PEG treatment increased, the root/shoot ratio increased, the tolerant genotype showed higher root/shoot ratio (Figs. 1, 2, 3 and 4) . The percent decrease in RH0116 in shoot length was 12.77, 26.37 and 48.07 % and in root length was 46.34, 46.74 and 72.19 % and the percent decrease in RH8812 in shoot length was 14.17, 14.92 and 52.38 % and in root length was 29.09, 37.27 and 60.27 % with respect to 4, 6 and 8 % PEG 6000 respectively. Minimum shoot and root length was recorded when PEG 6000 (8 %) was used. The sensitive variety RH8812 recorded more reduction in shoot and root length.
Physiological response of Brassica juncea under drought stress
Nethouse grown Brassica plants (stressed, control and rehydrated) subjected to drought stress were used to estimate physiological response by parameters such as Relative water content, Osmotic potential and Electrolyte leakage.
Relative water content under drought stress in Brassica juncea (cvs. RH8812 and RH0116)
In case of nethouse grown Indian mustard plants, the Relative water content (RWC) showed a rapid decline when plants were subjected to drought stress as compared to control plants (Fig. 5) . The decline was higher in the sensitive RH8812 than RH0116 (i.e. from 81.67 to 36.51 %). The drought tolerant variety (RH0116) also showed higher recovery of RWC when stressed plants were rehydrated as compared to the sensitive one.
Osmotic potential under drought stress in Brassica juncea (cvs. RH8812 and RH0116)
The values of osmotic potential were more negative in both varieties subjected to drought stress as compared to the control plants (Fig. 6) . The value of osmotic potential was more negative in RH8812 (i.e. -3.26 MPa) than RH0116 (i.e. -2.16 MPa). Also, osmotic potential recovered to some extent upon rehydration in both genotypes.
Electrolyte leakage under drought stress in Brassica juncea (cvs. RH8812 and RH0116)
An increase in electrolyte leakage was observed when the plants were subjected to the drought stress (Fig. 7) . The increase was relatively more in the RH8812 variety (from 19.26 to 22.33 %) as compared to the RH0116 (from 18.46 to 20.16 %). The leakage of electrolytes decreased upon rehydration.
Expression of hsp in Brassica juncea cvs. RH8812 and RH0116
In the present study, the accumulation of hsp transcript was observed in stressed plants of Brassica juncea cvs. RH8812 and RH0116 (Fig. 8) and actin gene was used as control. The transcripts were missing in the control and rehydrated plants, which shows that the gene is upregulated under drought stress condition. The transcript was present in shoots as well as roots, however the expression was higher in the shoots as compared to the roots. The actin transcript was similar in control, stressed and rehydrated plants. 
Discussion
Plants, being sessile organisms are constantly challenged by a wide range of environmental stresses (e.g. drought, salinity, cold, heat, UV radiation, heavy metals, flooding etc.) which negatively influence plant growth, development, survival, biomass production and crop yield. It is estimated that these cause more than 50 % of crop yield losses worldwide (Rodziewicz et al. 2014 ). The molecular dissection of abiotic stress tolerance and understanding its mechanism is quite difficult as well as complex being a multigenic and quantitative trait. Particularly crop productivity is adversely impacted under rainfed conditions. Drought cannot be forecast unlike other stresses and plays a major role in destabilizing the productivity in crop plants (Amudha and Balasubramani 2011) . A number of transcription factors, abiotic stress related genes and regulatory sequences in plant promoters have been studied and characterized that can substantially influence plant stress tolerance (Agarwal and Jha 2010) .
Physiological studies in Brassica juncea under drought stress conditions
Combining physiological analysis with multiple gene expression during stress at different intensities and time regime can help in unraveling the limits and physiological mechanisms involved in stress tolerance. This knowledge is crucial to develop strategies for improving crop productivity under adverse environments. Studies have revealed that droughtinduced gene expression in specific genotypes was consistent with the observed physiological responses (Hazen et al. 2005; Street et al. 2006) .
In general, both environmental conditions and seed viability determine seed germination. Emergence of radicle leads to primary root formation which is followed by extension of hypocotyl bearing cotyledons and plumule. Development of stem from hypocotyl and root from radicle are adversely affected by drought stress. Seed germination studies under drought stress give a fair idea of stress tolerance in plant species. Therefore, radicle and hypocotyl growth under drought stress is considered as a primary criterion for stress tolerance (Zhu et al. 2006) . In this study, seed germination, shoot and root length were recorded after 2 weeks of drought stress treatments using PEG 6000 (4 %, 6 %, 8 % w/v) under in vitro conditions. Seed germination was arrested at the initial stage only and reduction in seed germination was significant among PEG treatments and drought sensitive genotype (RH8812). Abdoli and Saeidi (2012) demonstrated that the effects of drought stress at post-anthesis stage were significant on plumule length, radicle length, plumule weight, radicle weight, germination percent, mean germination time and seedling vigor index of seeds. Water stress resulted in reduced seed germination, plumule length and radicle length. We also observed that the average shoot and root lengths of the in vitro grown seedlings after PEG treatment decreased with increased dose of PEG in both the genotypes, however more reduction was recorded in RH8812 when PEG 6000 (8 %) was used. Drought stress induced reduction in the radicle length and percent germination was also reported by Jajarmi (2009) in safflower. Similar response of reduced seed germination was reported in Mongolian pine (Zhu et al. 2006) , Cupressus sp. (Ahmadloo et al. 2011) and Eremosparton songoricum (Litv.) Vass ).
Leaf relative water content (RWC) indicates the water status of the plant as it expresses the absolute amount of water which the plant requires to reach artificial full saturation. Physiological and biochemical changes in plants under abiotic stress conditions are related to altered gene expression (Saibo et al. 2009 ) and in response to duration, intensity and rate of progression of imposed stress (Chaves et al. 2009 ). However, depending upon plant species, certain stages such as germination, seedling or flowering could be the most critical stages for water stress. Seed germination is most sensitive and critical stage in plant life cycle (Ashraf and Mehmood 1990 ) and seeds exposed to unfavourable environmental conditions such as water stress may have to compromise the seedlings establishment (de Albuquerque and de Carvalho 2003). Significant decrease in relative water content is reported in Populus cathayana (Xu et al. 2008 ) Sorghum bicolor L. (Bhargava and Paranjpe 2004) , Lycium nodosum Miers (Tezara et al. 2003) , Hippophae rhamnoides L. , Populus davidiana Dode (Zhang et al. 2004 ) and P. cathayana (Yin et al. 2004 ) in response to drought stress.
We also found a rapid decline in Relative water content (RWC) when plants were subjected to drought stress. The decline was higher in sensitive check than RH0116. Further, the drought tolerant variety (RH0116) also showed higher recovery of RWC when stressed plants were rehydrated. In vitro studies also suggest the similar response (Personal data). Temperature tolerant Indian mustard genotypes were identified on the basis of RWC by Kumar et al. (2013) . The late sown Indian mustard genotypes showed more decrease in RWC as compared to the early sown. The tolerant genotypes like Proagro, NDR 8801 and CS-52 showed lower decline in RWC while sensitive genotypes such as Pusa Agrani, EJ-15 and Pusa Tarak showed comparatively higher decline in RWC. These observations are further substantiated in woody species as well (Saura-Mas and Lloret 2007). They assessed RWC in 30 woody species of a coastal shrubland, with different post-fire regenerative strategies (seeding, resprouting or both). They suggested that the resprouters had more efficient mechanisms to reduce water losses and maintain water supply between seasons. Rahimi et al. (2010) also observed that as stress intensified, RWC significantly decreased in Plantago. This is in agreement with our findings as increased duration of air drying from 15 min to 2 h in Brassica seedlings reduced the RWC progressively (Personal data).
In our study, the osmotic potential values were more negative in plants subjected to drought stress as compared to the control plants. The sensitive variety showed more decline in osmotic potential as compared to the tolerant variety. Also, osmotic potential recovered to some extent upon rehydration in both the genotypes. Rahimi et al. (2010) also reported in Plantago species that the leaf water potential was constant within 5 days after irrigation stopped and afterwards, it decreased to −1.6 and −2.0 MPa for P. psyllium and P. ovata at eighth day and −2.3 and −2.8 MPa on tenth day, respectively. We also found that as the drought stress treatment increased, the seedlings showed more negative osmotic potential as well as genotypic variation. In rapeseed, reduced relative water contents, osmotic potential were observed under water stress (Alikhan et al. 2010) .
The electrolyte leakage data indicates the stability of cell membrane and the cell membrane gets damaged during heat stress, the oxidative damage to lipids disrupts the membrane structural integrity, which in turn results in electrolyte leakage (Du et al. 2009 ). Wilson et al. (2014) evaluated Brassica juncea seedlings for heat stress tolerance in terms of biochemical components. Electrolyte leakage was significantly higher in susceptible genotypes than the tolerant ones with respect to control seedlings. We also observed that electrolyte leakage was increased when the plants were subjected to drought stress as compared to control plants and the increase was relatively more in sensitive variety (RH8812) as compared to the tolerant variety (RH0116). This is also supported by Sayar et al. (2008) as they reported that the sensitive varieties showed significantly higher leakage than the tolerant ones indicating conserved membrane integrity for tolerant than sensitive varieties and electrolyte leakage increased as the dehydration time increased. We also found progressive increase in the values of electrolyte leakage with increased drought stress treatment. Wilson and Jacobs (2004) described the use of electrolyte leakage (EL) from stem tissue as a potential method for assessing cold hardiness of hardwood seedlings and found that higher EL values at lower temperatures and longer duration represented an increase in cell damage and loss of hardiness. This suggests that electrolyte leakage parameter is an indicator for assessing drought, heat or cold stress in crop plants.
The physiological changes are culminated due to differential gene expression. These genes are turned on in response to drought/ heat/ cold stress as these genes share common network involved in stress tolerance. Previously we have found that cor gene which is cold inducible is activated under drought stress in Indian mustard (Sharma 2010) . In the present study, we analysed the hsp gene induction in response to drought stress in two important cultivars of Brassica juncea RH8812 and RH0116, which are drought sensitive and drought tolerant genotypes respectively using semiquantitative RT-PCR approach. We used actin, a constitutive or house keeping gene, i.e. it is expressed at all stages as positive control in our experiments. The actin transcript was found to be induced in roots as well as shoot tissues irrespective of the treatment, i.e. it was present in control, stressed and rehydrated plants. Also the expression was similar in control, stressed and rehydrated plants.
Expression of hsp in Brassica juncea under drought stress
Plants must cope with stress for survival, so they develop different mechanisms such as maintenance of cell membrane stability, synthesis of antioxidants, capturing ROS, Fig. 8 Electrophoretic pattern of hsp and actin transcripts in Brassica juncea genotypes under drought stress. Ladder (L), Negative control (NC), RH8812 control; shoot (2), RH8812 stressed; shoot (3), RH8812 rehydrated; shoot (4), RH0116 control; shoot (6), RH0116 stressed; shoot (7), RH0116 rehydrated; shoot (8), RH8812 control; root (11), RH8812 stressed; root (12), RH8812 rehydrated; root (13), RH0116 control; root (15), RH0116 stressed; root (16), RH0116 rehydrated; root (17) osmoregulation of osmoticum, induction of transcription factor and accumulation of HSPs (Hossain et al. 2013) . HSPs are required not only for quick adaptation to temperature changes, but also for rapid recovery after heat or cold release (Yang et al. 2010) . Heat-shock proteins (HSPs) and heat-shock transcription factors (HSFs) are central components of the heatshock regulatory network and are involved in cellular responses to various forms of stresses (Lee et al. 2010) . In Indian mustard plants, drought stress mainly affects seed germination and seed set stages. The sHSPs are highly conserved and most abundant stress-induced proteins with an α-crystallin domain (ACD) in the C-terminal. Plants contain a wide array of sHSPs that are divided into six classes based on their sequence alignments and immunological cross-reactivity. The sHSPs might act as an electrolyte leakage lowering factor during seed desiccation and also might participate in preserving membrane integrity during thermal fluctuations in winter. The cytosolic sHSPs (class I) function as molecular chaperones, protect cellular components during seed desiccation and prevent the thermal aggregation of substrate proteins (Alamillo et al. 1995; Wehmeyer et al. 1996) , we considered it worthwhile to understand its role in drought tolerance in Indian mustard. The most highly expressed sHSP gene during seed development in Arabidopsis is AtHSP17.4 and this protein has a similar role during seed development, i.e. preventing the irreversible aggregation of other proteins during desiccation and/or assisting in the refolding of denatured proteins during imbibition (Wehmeyer and Vierling 2000) . Therefore, we targeted this gene for our study. The function for sHSPs such as HSP17.4 in desiccation tolerance is further supported by analysis of seed development mutants (Vernon and Meinke 1995; Meinke et al. 1994) .
In the present study, the accumulation of hsp transcript was observed in stressed plants of Brassica juncea cvs. RH8812 and RH0116. The transcripts were missing in the control and rehydrated plants, which shows that the gene is upregulated under drought stress conditions. The transcript was present in shoots as well as roots, however, the transcript abundance was higher in shoots as compared to roots. Changes in sHSPs expression are similar to those in LEA proteins at the time of dehydration and crucial developmental stages in Arabidopsis plants transformed with LimHSP16.45 (Mu et al. 2013) . Its strong expression in the guard cells, indicated that LimHSP16.45 probably regulated stomatal movement during times of drought. Therefore, many sHSPs are known to function in either the presence or absence of abiotic stress. For example, an Arabidopsis cytoplasmic sHSP, AtHSP17.6, is expressed in heat-shocked leaves but not in untreated control leaves of Arabidopsis. Bhardwaj et al. (2015) used a combined approach of next generation sequencing and de-novo assembly to discover Brassica juncea transcriptome associated with drought and high temperature stresses. They used Varuna, a drought sensitive variety in the study. It was found that maximum number of differentially regulated transcription factors in drought stress and high temperature were MYB factors. MYB TFs are also induced under drought stress in RH0116 (drought tolerant) and CS52 (salt tolerant) genotypes of Indian mustard (Sharma 2010) . The identified transcripts can be helpful in engineering abiotic stress tolerance in Brassica juncea and related crop species. Yang et al. (2014) cloned nine sHSP genes from Tamarix hispida. The expression patterns of Triticum durum cultivars in response to various abiotic stresses showed differences in HSP transcripts accumulation with contrasting thermotolerance indicating that induction of HSP gene expression has a role in the acquisition of thermotolerance. Further, the accumulation of mitochondrial HSP transcripts appeared to be related to the acquisition of thermotolerance (Patrizia et al. 2009 ). Liu et al. (2013) reported that over-expression of OsHsfA7 gene increased tolerance to salt and drought stresses in rice seedlings. They observed that transgenic plants exhibited less, shorter lateral roots and root hairs while the transgenic rice seedlings restored normal growth unlike the wild type plants.
Enhanced expression of heat shock proteins (HSPs) was observed in response to heat shock, heat acclimation and SA in four genotypes of Brassica by Kaur et al. (2009) . The pretreatments helped seedlings recover from heat stress by reduced electrolyte leakage, increasing seedling length and conferring membrane protection. It was observed that Brassica seedlings protect themselves against heat stress by expressing different HSPs. This supports our observation that physiological traits and transcript changes may be linked to enhanced tolerance to drought stress damage and could be used as a marker for screening against drought stress in Indian mustard genotypes.
HSP 90 plays an important role in the drought tolerance of Brassica napus (rapeseed) (Mohammadi et al. 2012 ). Expression levels of hsp genes may serve as markers for easier and faster HTCL (heat-tolerant cabbage lines) selection in cabbage breeding as strong or constitutive expression of several heat stress-related genes may contribute to proper cabbage head formation at high-temperature stresses (Park et al. 2013) . Small HSPs (sHSPs) represent the major family of heat induced HSPs in plants (Yang et al. 2010 ) but Sato and Yokoya (2008) reported that high temperature exposure to rice seedlings resulted in significant increase in drought tolerance. Rice seedlings overexpressing rice sHSP17.7 also had enhanced tolerance to drought stress, which suggests that the observed drought-tolerance acquisition after heat shock is associated with the accumulation of sHSP proteins.
Genomics assisted breeding strategies have picked momentum and breeding for abiotic stress tolerant cultivars is a priority research area under climate change. Interestingly, there are reports that water saving traits co-map with major terminal drought tolerance QTL (Kholova et al. 2012 ).
Development of drought tolerant crops is necessity of hour and there is an urgent need to look into the molecular networks involved in abiotic stress tolerance since they share a common pathway. Our study does not characterize the HSP protein categories and further analysis is needed to understand the nature of hsp gene products induced under drought stress. Knowledge on the molecular mechanism of stress tolerance in Brassica crops have not advanced much, but information available on Arabidopsis thaliana, a member of family Brassicaceae, can be directly applied which can certainly shed some light on the mechanisms underlining drought and salt tolerance in Brassica crops directly contributing to agronomic-trait improvement .
